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(54) COMMUNICATION TERMINAL AND TRANSMISSION POWER CONTROL METHOD 



(57) A communication terminal reduces the trans- 
mission power only when there is received transmission 
power control information for reduction in the transmis- 
sion power from all the base stations under communi- 
cation, and does not reduce the above power in other 
cases. And, the above terminal stores the past trans- 
mission power control information from base stations 
under communication. When power control information 
for increase in the above power from a base station is 



continuously stored, the above terminal follows the 
transmission power control information from a base sta- 
tion except the above station. In case of no continuous 
storage, the above terminal reduces the transmission 
power when there is transmission power control for re- 
duction in the transmission power from all the base sta- 
tions under communication, and does not perform the 
transmission power control for reduction in the above 
power, when not all the transmission power control in- 
formation is the information for the reduction. 
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Description 

Technical Field 

* [0001] The present Invention relates to a communication terminal and a method for transmission power control used 
in a digital radio communication system. 

Background Art 

10 [0002] FIG. 1 shows a schematic explanation of handover for switching of a base station with which a communication 
terminal is communicating, in a conventional mobile radio packet communication cellular system. 
[0003] A communication terminal 4 communicates with both a first and a second base stations at the time of diversity 
handover from a first base station 1 , with which a communication terminal 4 is communicating, to a second base station 
for subsequent communication. At this time, a control station 3 selects a signal In a more preferable receiving state, 

15 between signals from the first and second stations, and the selected received signal is treated as a transmission signal 
from the communication terminal for synthesis of a received packet. 

[0004] In the cellular system, transmission power control (TPC) is performed between communication terminals and 
base stations in order to increase the number of communication terminals accommodated by reduction in interference 
among communication terminals. TPC by a closed loop, in which received quality is measured at a base station; and 
20 instructions on the transmission power is given to communication terminals, based on the received quality, is usually 
used for transmission power control. At the time of diversity handover for a communication terminal shown in FIG. 1 , 
transmission power control for the communication terminal is configured to be performed from. both the first and the 
second base stations at the same time. 

[0005] As the communication terminal is going away from the first base station, and approaching the second base 
25 station at the diversity handover, the received power of the transmission signal from the communication terminal grad- 
ually becomes smaller at the first base station to cause a more unfavorable state for the received power on the one 
hand and, the received power gradually becomes larger at the second base station to cause a more favorable state 
for the received power on the other hand. 

[0006] Then, there may be a case where the transmission power control for the first base station and that for the 
30 second one are different each other for the communication terminal under the diversity handover. That is, the trans- 
mission power for the first base station is controlled to be increased, as the received state at the first one becomes 
more unfavorable, and the power for the second one is controlled to be reduced, as the received state at the second 
one becomes more favorable. 

[0007] At the time of diversity handover, a communication terminal performs control to follow the instruction on the 
35 transmission power control to instruct smaller transmission power among one or more pieces of Information on the 
transmission power control from a plurality of base stations under communication, in a conventional mobile radio packet 
communication cellular system (Japanese Patent unexamined application Hei 8-1 8503). 

[0008] However, there may be occurred unfavorable received quality of the transmission signal from the communi- 
cation terminal at a base station (the first one) which have not instructed to reduce the transmission power of the 

40 communication terminal, based on the unfavorable received state, and, moreover, even at a base station (the second 
one) which have instructed to reduce the transmission power of the communication terminal, based on the favorable 
received state, among base stations with which the communication terminal is communicating, when the transmission 
power of the communication terminal is controlled to be reduced in an unstable state for signal propagation at the 
vicinity of the cell boundary, for example, at the time of the diversity handover. 

45 [0009] The above situations will be described, referring to FIG. 2. In FIG. 2, the solid line 11 denotes the fluctuations 
of the received quality for the first base station at the time of the diversity handover, and the solid one 12 those of the 
received one for the second station at the handover. Moreover, the symbol string 13 denotes received states of each 
.transmission unit at the first base station, and the symbol string 14 those of each transmission unit at the second base 
station. In the above received states, the circle marks denote a favorable received state, and the X marks an unfavorable 

so received state. 

[0010] When conventional transmission power control is performed in a conventional manner at the time of the di- 
versity handover, there is occurred unfavorable received quality (part A in FIG.2) of the transmission signals from the 
communication terminal at the first base station, which have not instructed to reduce the transmission power of the 
communication terminal, based on the unfavorable received state, and, at the second base station which have instruct- 
55 ed to reduce the transmission power of the communication terminal, based on the favorable received state. 

[0011] In such a case, there is a case where a packet comprising a plurality of transmission units may not be formed, 
even if selective synthesis of the received signals of a plurality of base station is performed at the control station for 
the base stations. In the above case, the packet is required to be retransmitted after all, and it may become impossible 
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to realize efficient packet communication. 
Disclosure of invention 

s [0012] The object of the present invention is to provide a communication terminal and a method for transmission 
power control, where It Is configured that transmission signals from the above communication terminal may reach base 
stations with enough power, and selective synthesis of received signals may be performed well at a control station 
even in an unstable state for signal propagation. 

[0013] The subject of the present invention is to realize efficient packet transmission, by which signals with enough 
10 power reach base stations under communication from the communication terminal, which is configured to reduce the 
transmission power in case of the transmission power control for reduction in the power from all the base stations under 
communication, and not to reduce the above power in other cases, at the time of diversity handover of the communi- 
cation terminal in a packet transmission system which transmission power control is performed between the commu- 
nication terminal and a plurality of base stations. 

15 

Brief Description of Drawings 
[0014] 

20 FIG. 1 shows a view of the communication terminal and base stations at diversity handover; 

FIG. 2 shows a schematic view of the received quality and the received state of transmission signal from the 
communication terminal at each base station at the time of the diversity handover in a conventional packet com- 
munication system; 

FIG. 3 shows a block diagram of a configuration of a communication terminal according to an embodiment 1 of 
25 the present invention; 

FIG. 4 shows a block diagram of a configuration of a base station performing radio communication with the com- 
munication terminal according to the above embodiment; 

FIG. 5 shows an explanatory flow chart of the operations of the communication terminal according to the above 
embodiment; 

30 FIG. 6 shows a schematic view of the received quality and the received state of transmission signals from the 

communication terminal at each base station at the time of the diversity handover of the communication terminal 
according to the above embodiment; 

FIG. 7 shows a block diagram of a configuration of a mobile station of a communication terminal according to an 
embodiment 2 of the present invention; 
35 FIG. 8 shows an explanatory flow chart of the operations of the communication terminal according to the above 

embodiment; and 

FIG. 9 shows an explanatory flow chart of the operations of the communication terminal according to the above 
embodiment. 

40 Best Mode for Carrying Out the Invention 

[0015] Hereinafter, the embodiments of the present invention will be described in detail, referring to attached draw- 
ings. 

45 (Embodiment 1) 

[0016] The present embodiment describes a case of diversity handover from the first base station, with which the 
communication terminal is communicating, to the second base station which will perform subsequent communication 
with the above terminal. 

so [0017] FIG. 3 shows a block diagram of a configuration of the communication terminal according to the embodiment 
1 of the present invention. Signals transmitted from communication end stations are received as signals from each of 
the first and second base stations, respectively at a corresponding radio receiving part 103a, or 103b through an 
antenna 101 and a transmitting and receiving signal demultiplexing part 102. The received signals are demodulated 
as signals from each of the first and second base stations at a demodulation part 104, or 105 corresponding to signals 

55 from each base station, after predetermined processing for radio communication at the radio receiving part 1 03. 

[0018] The outputs of the demodulation parts 104, and 105 become received data, and are fed to a part for extraction 
and judgement of power control information 106, where power control information is extracted from the demodulated 
data, and fed to a transmission power control part 107. 
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[0019] Modulated transmission data at a modulation part 108 are fed to a radio transmission part 109, where the 
above data become transmission signals by control of the transmission power at the transmission power control part 
107, for transmission from the antenna 101 through the transmitting and receiving signal demultiplexing part 102. 
[0020] FIG. 4 shows a block diagram of a configuration of a base station performing radio communication with the 

s communication terminal according to the embodiment 1 . 

[0021] The signals transmitted from the communication terminal shown in FIG. 3 are received at a radio receiving 
part 203 through a transmitting and receiving signal demultiplexing part 202 after passing through an antenna 201 . 
The received signals are fed to a demodulation part 204 for demodulation, after predetermined processing for radio 
communication at the radio receiving part 203. 

10 [0022] The demodulated signals are fed to a received quality detection part 205, where the received quality of the 
demodulated signals are detected. The detected received quality is fed to a part for generation of power control infor- 
mation 206. 

[0023] At the part 206, transmission power control (TPC) information for increase or reduction in the power is gen- 
erated based on the detected received quality. For example, control information for increase in the transmission power 
15 js generated, when the detected received quality is lower than a predetermined standard value, and the control infor- 
mation for reduction in the transmission power is generated, when the detected received quality is higher than the 
predetermined standard value. 

[0024] The transmission power control information generated at the power control information generation part 206 
is fed to a modulation part 207 for transmission with the transmission data. At the part 207, the transmission data and 

20 the transmission power control information are modulated and fed to a radio transmission part 208, where predeter- 
mined processing for radio communication is performed for the transmission data. The transmission signals obtained 
above are transmitted from the antenna 201 through the transmitting and receiving signal demultiplexing part 202. 
[0025] Here, the transmission data are transmission data fed from the control station of the base station to the above 
terminal. And, the received data are fed to the control station of the base station, and selectively synthesized with the 

25 received signals from other base stations. 

[0026] Moreover FIG. 4 shows a modulation system and a demodulation system corresponding to one communi- 
cation terminal. But, there are modulation systems and demodulation systems corresponding respectively to a plurality 
of communication terminals in a usual case, and each system similarly functions as described in FIG. 4. 
[0027] The operations of the communication terminal with the above configuration will be described, referring to FIG. 

30 5. 

[0028] Signals from the first and the second base stations are received at the communication terminal (ST301 ), and 
the received signals are demodulated respectively, and, thereafter, each of the demodulated signals is fed to a part 
for extraction and judgement of power control information 106, where each transmission power control information is 
extracted from each received signal in the first place (ST302). 
35 [0029] The above transmission power control information has a pattern shown in Table 1 as combinations, because 
both the first and the second base stations have the above information, respectively. 



Table 1 



The first base station 


Up 


Down • 


Up 


Up 


Down 


Eq 


The second base station 


Up 


Down 


Down 


Eq 


Eq 


Eq 


Transmission power control information 


Up 


Down 


Up 


Up 


Eq 


Eq 



[0030] In the above case, a control instruction signal for reduction in the transmission power (Down) is output at the 
part for extraction and judgement of power control Information 1 06, as shown in Table 1 , only when all the base stations, 
in the above case, both of the first and the second base stations feed the transmission power control information for 
reduction in the transmission power to the above part 1 06, respectively. Except the above case, the control instruction 
signal for reduction in the transmission power is not output at the above part, but a control instruction signal for increase 
in the power (Up), or the above instruction signal for no transmission power control (Eq) is output at the above part. 
[0031] That is, it is judged at the part 106 whether all the transmission power control information, which are included 
in the signals from the base stations, are for the reduction in the transmission power (ST303). Then, when all the 
transmission power control information are for the above reduction, a control signal for reduction in the transmission 
power is generated (ST305). On the other hand, when not all the above information are for the above reduction, a 
control signal except the above control signal for the reduction in the transmission power is generated (ST304). 
[0032] By the above judgement, the extraction and judgement of power control information 1 06 generates one control 
instruction signal and feeds it to the transmission power control part 1 07. The above part 1 07 controls the radio trans- 
mission part 1 09 for reduction in the transmission power (Down), for increase in the above power (Up), or for no control 
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of the above power (Eq), according to the above control instruction signal (ST306). Thereafter, the transmission is 
performed under control of the transmission power (ST307). 

[0033] The received quality and the received states for the first and the second base stations at the time of the 
diversity handover under the above control of the transmission power are shown in FIG. 6. In FIG. 6, the solid line 401 

s denotes the fluctuations of the received quality for the first base station at the time of the diversity handover, and the 
solid one 402 those of the received one for the second station at the above handover. Moreover, the symbol string 403 
denotes received states of each transmission unit at the first base station, and the symbol string 404 those of each 
transmission unit at the second base station. In the above received states, the circle marks denote a favorable received 
state, and the X marks an unfavorable received state. 

w [0034] The communication terminal is configured to increase the transmission power by the method for transmission 
power control according to the present embodiment, when any one of base stations with which the above terminal is 
communicating feeds a transmission power control signal for increase in the transmission power to the above terminal. 
Thereby, signals with enough signal power may reach even base stations which require larger signal power under 
unfavorable received state. That Is, the received quality at the communication terminal may be configured to be better 

15 even in an unstable state for signal propagation. Therefore, the received states for each transmission unit under di- 
versity handover may be improved, as shown in FIG. 6, and the case where both received states of signals from each 
base station at the above terminal are unfavorable may be prevented. As a result, selective synthesis may be favorably 
performed at the control station of the base stations. 

[0035] Moreover, when all the base stations with which the communication terminal is communicating feed a trans- 
20 mission power control signal for reduction in the transmission power respectively, the above terminal reduces the 
transmission power. Thereby, interference to other communication terminals may be reduced and battery savings may 
be realized. 

(Embodiment 2) 

25 

[0036] The present embodiment also describes a case of diversity handover from the first base station, with which 
the communication terminal is communicating, to the second base station which will perform subsequent communica- 
tion with the above terminal 

[0037] FIG. 7 shows a block diagram of a configuration of a mobile station of a communication terminal according 
30 to an embodiment 2 of the present invention. Here, parts in FIG. 7 similar to those previously described in FIG. 3 are 
denoted by the same reference numbers, and detailed description will be eliminated. 

[0038] The communication terminal according to the present embodiment comprises a memory 501 which stores 

transmission power control information in the past transmission units for each base station. 

[0039] The operations of the communication terminal with the above configuration will be described, referring to FIG. 

35 B. 

[0040] The communication terminal receives the signals from the first and the second base stations (ST601); the 
received signals are demodulated respectively; and, thereafter, each demodulated signal is fed to the part for extraction 
and judgement of power control information 106, where transmission power control information is extracted in the first 
place from the received signals (ST602), and the extracted information is stored in the memory 501 . 

40 [0041] The part 1 06 judges the power control information stored in the memory 501 during a certain period (a plurality 
of last-minute transmission units) immediately before the transmission power control by the communication terminal, 
and control instruction signals for the transmission power are output to the transmission power control part 1 07. Here, 
there is no special limitation in a method for deletion of the transmission power control information stored in the memory 
501 . For example, it may be configured that transmission power control information for predetermined number of the 

45 past transmission units is stored, and the transmission power control information may be sequentially deleted in the 
order of storage period, that is, from the above information for the oldest transmission unit, when transmission power 
control information at a new transmission unit is stored. . 

[0042] According to the judgment at the part for extraction and judgement of power control information 1 06, when a 
ratio of the control information, which is for increase in the transmission power, of either the first or the second base 

50 stations equal to or more than a certain specific ratio, the transmission power control information from the other base 
station is fed to the transmission power control part 1 07; and when the above ratio is not equal to or not more than the 
certain specific ratio, the transmission power control information is determined according to the judgment in the em- 
bodiment 1 , that is, according to the Table 1 , using the transmission power control information from the first and the 
second base stations, and the above information is fed to the transmission power control part 107. 

55 [0043] The situations of judgements for the power control information according to the above transmission power 
control are shown in the following table of Table 2. Here, it is judged that there are assumed to be large differences in 
the received signal quality at each base station, and the part for extraction and judgement of power control information 
106 follows the transmission power control information from the other base station except the following base station, 
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for example, when there are three pieces of control information for increase in the transmission power among the last- 
minute four pieces of transmission power control information at the above base station (when a ratio of the control 
information for increase in the transmission power is equal to or larger than a specific ratio). Moreover, it is judged that 
there are assumed to be small differences in the received signal quality at each base station; and the control information 
5 on the transmission power is determined according to Table 1 , using the power control information from each base 
station, when the number of the control information for increase in the transmission power is two or less among four 
pieces of the last-minute control Information on the transmission power at both the base stations. Here, the mark "T 
in the table denotes the determination according to the Table 1 . 

10 Table 2 



15 



The first base station 


Down 


Down 


Down 


Up 


Down 


Up 


Up 


Up 


Up 


The second base station 


Up 


Up 


Up 


Down 


Down 


Up 


Down 


Down 


Down 


Base station to be followed 


1 


1 


1 


1 


T 


T 


2 


2 


2 


Transmission power control 
Information 


Down 


Down 


Down 


Up 


Down 


Up 


Down 


Down 


Down 



[0044] Specifically, in the first place, the base stations with three or more pieces of information for power increase 
20 during control of the last-minute four transmission units are removed (ST603). Then, it is judged whether the power 
control information for all other base stations is for reduction in the transmission power (ST604). When the power 
control Information for all other base stations isforthe reduction, the transmission power control is performed according 
to the control information for the power reduction (ST606, ST607). On the other hand, when the power control Infor- 
mation for all other base stations is not for the reduction, the transmission power control Is performed according to the 
25 control information except one for the power reduction (ST605, ST607). 

[0045] The part for extraction and judgement of power control information 1 06 generates one control instruction 
signal, and feeds it to the transmission power control part 1 07 by the above judgment. The radio transmission part 1 09 
is controlled to reduce the transmission power (Down), or to increase the above power (Up) by the above control part 
107, according to the control Instruction signal. Then, transmission is performed under the transmission power control 
30 (ST608). 

[0046] Hereinafter, the above transmission power control will be described for transmission power control of the 
fourth transmission unit from the left, referring to Table 2. The last-minute four pieces of transmission power control 
information for the first base station: Down, Down, Down, Up, and those for the second base station: Up, Up, Up, Down. 
Thereby, the number of control information for increase in the transmission power among four pieces of thetransmission 

35 power control information is less than three for the first base station; and the above number is equal to or more than 
three for the second base station. In the above case, the transmission power control information (Up) for the first base 
station becomes the transmission power control information for the above transmission unit, as the communication 
terminal follows the transmission power control information for a base station except the station with three or more 
pieces of the control information for increase in the transmission power among four pieces of transmission power 

40 control information. 

[0047] Moreover, with regard to the transmission power control of the fifth transmission unit from the left, the last- 
minute four pieces of transmission power control information for the first base station :Down, Down, Up, Down, and 
those for the second base station: Up, Up, Down, Down. Thereby, the number of control information for increase in the 
transmission power among four pieces of the transmission power control information is less than three for both the 
4 5 first and the second base stations. Therefore, the transmission power control is performed according to Table 1 . That 
is, as the control information for both the first and the second base stations is for reduction in the transmission power, 
transmission power control information (Down) is the transmission power control information in the above transmission 
unit. 1 

[0046] In the method for transmission power control according to the present embodiment, the communication ter- 
50 minal does not follow the transmission power control information from the following base station under situations where 
it Is judged that there are big differences in the received quality of the transmission signals from the communication 
terminal at a plurality of base stations with which the communication terminal is communicating during diversity hando- 
ver; the received signals at some base stations do not meet the standard quality; and there are many cases to generate 
control information which instructs the communication terminal to increase the transmission power. Thereby, it may be 
55 possible to control the transmission power, to prevent excessive quality, and to reduce interference to other commu- 
nication terminals, while guaranteeing the enough received signal quality for the other base station by a configuration 
where signals with enough signal power reach the station. 

[0049] And, under situations where there are smaller differences In the received quality of the transmission signals 
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from the communication terminal at a plurality of base stations along with the movement of the communication terminal, 
and the transmission power control information becomes confused, the communication terminal feeds signals with 
enough signal power to both the base stations for. stable radio communication by increasing the transmission power, 
when information for increase in the transmission power is generated even at the other base station. Thereby, the 
5 received state of the transmission units under diversity handover may be improved, and the selective synthesis may 
be favorably performed at the control station of the base station. 

[0050] Moreover the judgment at the part for extraction and judgement of power control information 106 may be 
performed in a selective synthesis unit (comprising a predetermined number of transmission units) in the present em- 
bodiment. That is, when there is no power control to follow the instruction form either of the base stations (the first or 
10 the second), or no instructions for reduction in the transmission power from all the stations in the selective synthesis 
unit at the control station of the base station, the power control may be switched to the one for no reduction in the 
transmission power (T). 

[0051] In the above case, the part for extraction and judgement of power control Information 1 06 judges the trans- 
mission power control in the current selective synthesis unit, based on the ratio of the control information, which is for 

15 increase in the transmission power, to the last-minute selective synthesis units. That is, it is judged whether the station 
is far away from the own station, based on the above ratio, and the transmission power control is configured to be 
performed, treating a base station, except one which is far away from the own station, as a master station. 
[0052] The above transmission power control during such a selective synthesis unit will be described, referring to 
FIG. 9. Here, the case where the selective synthesis unit comprises three transmission units is described. However, 

20 the number of transmission units forming the selective synthesis unit Is not limited to three. 

[0053] At the communication terminal, signals from the first and the second base stations are received (ST701), and 
the received signals are demodulated, respectively. Thereafter, each modulated signal is fed to the part for extraction 
and judgement of power control information 106, where the transmission power control information is extracted from 
the received signals in the first place (ST702). The part for extraction and judgement of power control information 106 

25 stores in the memory 501 the extracted transmission power control information for each base station. 

[0054] The part for extraction and judgement of power control information 1 06 judges the power control information, 
which Is stored in the memory 501, in the selective synthesis unit Immediately before the transmission power control 
by the communication terminal, and outputs the control instruction signal for the transmission power.to the transmission 
power control part 107. 

30 [0055] According to the judgment at the part for extraction and judgement of power control information 106, the 
transmission power control information from the other base station except the following base station is fed to the trans- 
mission power control part 1 07, when a ratio of the control information, which is for increase in the transmission power, 
of either the first or the second base station is equal to or more than a certain specific ratio (here, all the three trans- 
mission units forming the selective synthesis unit); and the transmission power control information is determined ac- 

35 cording to the judgment In the embodiment 1 , that is, according to the Table 1 , using the transmission power control 
information from the first and the second base stations, and the above information is fed to the transmission power 
control part 107. when the above ratio is not equal to or not more than the certain specific ratio. 
[0056] The situations of judgements for the power control information according to the above transmission power 
control are shown in the following table of Table 3. Here, it is judged that there are assumed to be large differences in 

40 the received signal quality at each base station, and the part for extraction and judgement of power control information 
106 follows the transmission power control information from the other base station except the following station, for 
example, when all the last-minute transmission power control information from the above station are the control infor- 
mation for increase in the transmission power (when a ratio of the control information for increase in the transmission 
power is equal to or larger than a specific ratio). Moreover, it is judged that there are assumed to be small differences 

« m the received signal quality at each base station; and the control information on the transmission power is determined 
according to Table 1, using the power control information from each base station, when the control information for 
reduction in the transmission power is included in the transmission power control information during the last-minute 
selective synthesis unit at any base stations. Here, the mark T' In the table denotes the determination according to 
the Table 1 . 

50 
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Table 3 



5 



15 



20 



The first 
base station 


Down Up Down 


Up Up Down 


Up Down up 


Up Up Up 


Up Up Up 


The second 
base station 


Up Up Up 


Up Down Down 


Down Up Down 


Down Up Down 


Down Up Down 


Base station 
to be 
followed 


1 


1 


T 


T 


2 


Transmission 
power control 
information 


Down Up Down 


Up Up Down 


Up Up Up 


Up Up Up 


Down Up Down 




4 > 





selective 
synthesis unit 

[0057] Specifically, in the first place, the base stations with three pieces of information for power increase in the last- 
minute transmission units are removed (ST703). Then, it is judged whether the power control information for all other 
base stations is for reduction in the transmission power (ST704). When the power control information for all other base 
30 stations is for the reduction, the transmission power control is performed according to the control information for the 
power reduction (ST706, ST707). On the other hand, when the power control information for all other base stations is 
not for the reduction, the transmission power control is performed according to the control information except one for 
the power reduction (ST705, ST707). 

[0058] The part for extraction and judgement of power control information 1 06 generates one control instruction 
35 signal, and feeds it to the transmission power control part 107, by the above judgment. The radio transmission part 
1 09 is controlled to reduce the transmission power (Down), or to increase the above power (Up) by the above control 
part 107, according to the control instruction signal. Then, transmission is performed under the transmission power 
control (ST70B). 

[0059] Hereinafter, the above transmission power control will be described for transmission power control of the first 
40 transmission unit from the left, referring to Table 3. The three pieces of transmission power control information for the 
first base station: Down, Up, Down, and those for the second base station: Up, Up, Up. Thereby, with regard to the 
second base station, all three transmission power control information are the control information for increase in the 
transmission power In the above case, the transmission power control information (Down, Up, Down) for the first base 
station becomes the transmission power control information in the above selective synthesis unit, as the communication 
« terminal follows the transmission power control information for a base station except the station, for which all pieces 
of transmission power control information in the selective synthesis unit are control information for increase in the 
transmission power. 

[0060] And, with regard to transmission power control of the second transmission unit from the left, three pieces of 
transmission power control information in the last-minute selective synthesis unit for the first base station: Up, Up, 

so Down, and those for the second base station: Up, Down, Down. Thereby, both the first and the second base stations 
comprise the control information for reduction in the transmission power in the selective synthesis unit. Therefore, the 
transmission power control is performed according to Table 1 . That is, in the above selective synthesis unit, there is 
no control information for reduction in the transmission power of both the first and the second base stations, and, then, 
the transmission power control information (Up, Up, Up) is the transmission power control information in the above 

55 selective synthesis unit. 

[0061] The advantages of the present embodiment may be effective in the above transmission power control. More- 
over, efficient and accurate selective synthesis may be realized at the control station of the base stations by the trans- 
mission power control. 
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[0062] Here, starting of the diversity handover for the communication terminal is notified to the above terminal by a 
control signal in the above embodiments 1 and 2. Thereby, the above terminal begins to perform the above operation 
according to the above control signal. In a state not under the diversity handover, usual closed loop operation is per- 
formed for transmission power control. 
5 [0063] The present invention is not limited to the above embodiments 1 and 2, that is, various kinds of variations 
may be possible. For example, the present Invention may be applied even to a case where the number of base stations 
is more than three, though the above embodiments 1 and 2 are described for two base stations. And, the specific ratio 
of the control information for increase in the transmission power may be properly changed for execution in the embod- 
iment 2. 

w [0064] Moreover, though the transmission power control information in the above embodiment 1 is assumed to be 
"increased" (Up), "reduced" (Down), and "unchanged" (Eq), they may be only two kinds, that is, "increased" (Up), and 
"reduced" (Down), like in the embodiment 2, or more than four kinds of transmission power control information. The 
above transmission power control information may be properly set according to the system. 
[0065] The communication terminal according to the present invention has a configuration comprising: an extraction 

15 part to extract transmission power control information from signals including transmission power control information 
fed from a plurality of base stations; a first judgment part to generate a control signal for reduction in the transmission 
power, only when all pieces of transmission power control information from a plurality of base stations are control 
information for reduction in the transmission power; and a transmission power control part to control transmission 
power according to the above control signal. 

20 [0066] According to the above configuration, signals with enough signal power may be configured to reach each 
base station, as the transmission power is controlled, based on transmission power control information from a plurality 
of base stations, in an unstable state for signal propagation at, for example, diversity handover in which the commu- 
nication terminal is communicating with a plurality of base stations, and effective transmission power control is per- 
formed for a plurality of base stations. 

25 [0067] Moreover, signals with enough signal power may reach base stations in unfavorable received state and the 
received state may be improved, as control for reduction in the transmission power is performed, only when all pieces 
of the transmission power control information, which has been received from a plurality of base stations with which the 
communication terminal is communicating, are information for reduction in the transmission power, though there is 
caused excessive quality for base stations with instruction for reduction in the transmission power in a case where 

30 base stations with instruction for reduction in the transmission power, and those with instruction for increase in the 
above power are mixed. Thereby, stable communication may be realized even in an unstable state for signal propa- 
gation. Therefore, efficient packet communication may be possible without loss of transmission packets, as selective 
synthesis of signals may be well performed in the control station of the base station. 

[0068] The communication terminal according to the present invention has a configuration comprising: an extraction 
35 part to extract transmission power control information from signals Including transmission power control information 
for each transmission unit fed from a plurality of base stations; a storage part to store the extracted transmission power 
control information; a second judgment part to generate a control signal for transmission power control according to 
transmission power control information from base stations except the following base station, when there is the above 
base station where a ratio of control information for increase in the transmission power to the transmission power 
40 control information in the transmission units during the past predetermined times; and a transmission power control 
part to control transmission power according to the above control signal. 

[0069] According to the above configuration, transmission power control may be performed considering the changes 
in the received state of signals in. for example, diversity handover, as the transmission power control is performed, 
based on the past history of the transmission power control information received from a plurality of base stations with 
45 which the communication terminal is communicating, and on the currently received transmission power control infor- 
mation. Thereby, it may be possible to perform efficient power control; to execute the diversity handover in a reliable 
manner; and to carry out efficient packet communication. 

[0070] The communication terminal according to the present Invention has a configuration where the above second 
judgment part generates a control signal for reduction in the transmission power, only when all pieces of the transmis- 

50 sion power control information from a plurality of base stations are control information for reduction in the transmission 
power, when any ratio of the control information for increase in the transmission power to the transmission power 
control information in the transmission units during the past predetermined times does not exceed a predetermined 
value in a plurality of the above base stations. According to the above configuration, the communication terminal does 
not follow the transmission power control information from the following base stations, when it is judged that there are 

55 assumed to be large differences in the received signal quality at a plurality of base stations with which the communi- 
cation terminal is communicating; received signals at some base stations do not meet a standard quality; and there 
are many cases where the above base stations generate power control information for increase in the transmission 
power for the communication terminal. Thereby, it may be possible to control the transmission power, and to reduce 
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interference to other communication terminals, while guaranteeing the enough received signal quality for the other 
base station by a configuration where signals with enough signal power reach the station. 

[0071] And, signals with enough signal power are fed to both the base stations, and it may be possible to perform 
stable radio communication, as the communication terminal increase the transmission power, when information for 
5 increase in the transmission power is generated even at the other base station, under situations where there are smaller 
differences in the received quality of the transmission signals from the communication terminal at a plurality of base 
stations along with the movement of the communication terminal, and the transmission power control information be- 
comes confused. 

[0072] Similarly, the communication terminal does not follow the transmission power control information from the 
10 following base stations, when there are assumed to be large differences in the received signal quality from the com- 
munication terminal after exchanging positions of a plurality of base stations with which the communication terminal 
is communicating; and there are many cases where the above base stations, for which received signals do not meet 
a standard quality, generate power control information for increase in the transmission power for the communication 
terminal. Thereby, it may be possible to control the transmission power; to reduce interference to other communication 
15 terminals, while guaranteeing the enough received signal quality for the other base station; and, at the same time, to 
perform smooth handover in a reliable manner. 

[0073] The communication terminal according to the present invention has a configuration where the above second 
judgment part generates a control signal for each selective synthesis comprising transmission units in predetermined 
times. According to the above configuration, efficient and accurate selective synthesis may be realized at the control 
20 station. 

[0074] The method for transmission control according to the present invention comprises: an extraction step to extract 
transmission power control information from signals including transmission powercontrol information fed from a plurality 
of base stations; a first judgment step to generate a control signal for reduction in the transmission power, only when 
all pieces of transmission power control information from a plurality of base stations are control information for reduction 
25 in the transmission power; and a transmission power control step to control transmission power according to the above 
control signal. 

[0075] According to the above configuration, signals with enough signal power may be configured to reach each 
base station, as the transmission power is controlled, based on transmission power control information from a plurality 
of base stations, in an unstable state for signal propagation at, for example, diversity handover in which the commu- 
30 nication terminal is communicating with a plurality of base stations, and effective transmission power control is per- 
formed for a plurality of base stations. 

[0076] Moreover, control for reduction in the transmission power is performed, only when all pieces of the transmis- 
sion power control information received from a plurality of base stations with which the communication terminal is 
communicating are information for reduction in the transmission power. Thereby, interference to other communication 

35 terminals may be reduced and battery savings may be realized. Furthermore, it may be possible to feed signals with 
enough signal power to base stations with unfavorable received state, and to improve the received state, as control 
for no reduction in the transmission power is performed except the above case. Thereby, stable communication may 
be realized even in an unstable state for signal propagation. Therefore, efficient packet communication may be possible 
without loss of transmission packets, as selective synthesis of signals may be well performed in the control station of 

40 the base station. 

[0077] The method for transmission control according to the present invention comprises: an extraction step to extract 
transmission powercontrol information from signals including transmission powercontrol information fed from a plurality 
of base stations; a storage step to store the extracted transmission power control information; a second judgment step 
to generate a control signal for transmission power control according to transmission power control information from 

4 5 base stations except the following base station, when there is the above base station where a ratio of control information 
for increase in the transmission power to the transmission power control information in the transmission units during 
the past predetermined times in a plurality of the above base stations; and a transmission power control step to control 
transmission power according to the above control signal. According to the above configuration, transmission power 
control may be performed considering the changes in the received state of signals in, for example, diversity handover, 

so as the transmission power control is performed, based on the past history of the transmission power control information 
received from a plurality of base stations with which the communication terminal is communicating, and on the currently 
received transmission power control information. Thereby, it may be possible to perform efficient power control; to 
execute the diversity handover in a reliable manner; and to carry out efficient packet communication. 
[0078] The method for transmission control according to the present invention where the above second judgment 

55 step generates a control signal for reduction in the transmission power, only when all pieces of the transmission power 
control information from a plurality of base stations are control information for reduction in the transmission power, as 
any ratio of the control information for increase in the transmission power to the transmission power control information 
in the transmission units during the past predetermined times does not exceed a predetermined value in a plurality of 
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the above base stations. According to the above method, the communication terminal does not follow the transmission 
power control information from the following base stations, when there are assumed to be large differences in the 
received signal quality from the communication terminal at a plurality of base stations with which the communication 
terminal is communicating under diversity handover; received signals at some base stations do not meet a standard 

s quality; and there are many cases where the above base stations generate power control information for increase in 
the transmission power for the communication terminal. Thereby, it may be possible to control the transmission power, 
and to reduce interference to other communication terminals, while guaranteeing the enough received signal quality 
for the other base station by a configuration where signals with enough signal power reach the station. 
[0079] And, signals with enough signal power are fed to both the base stations, and it may be possible to perform 

10 stable radio communication, as the communication terminal increases the transmission power, when information for 
increase in the transmission power is generated even at the other base station, under situations where there are smaller 
differences in the received quality of the transmission signals from the communication terminal at a plurality of base 
stations along with the movement of the communication terminal, and the transmission power control information be- 
comes confused. 

15 [0080] Similarly, the communication terminal does not follow the transmission power control information from the 
following base stations, when there are assumed to be large differences in the received signal quality from the com- 
munication terminal after exchanging positions of a plurality of base stations with which the communication terminal 
is communicating; and there are many cases where the above base stations, for which received signals do not meet 
a standard quality, generate power control information for increase in the transmission power for the communication 

20 terminal. Thereby, It may be possible to control the transmission power; to reduce interference to other communication 
terminals, while guaranteeing the enough received signal quality for the other base station; and, at the same time, to 
perform smooth handover in a reliable manner. 

[0081] In the method for transmission control according to the present invention, a control signal for each selective 
synthesis unit comprising transmission units in the predetermined times is generated at the above second judgment 

25 step. According to the above method, efficient and accurate selective synthesis may be realized at the control station. 
[0082] As described above, stable communication may be realized by the communication terminal and the method 
according to the present invention, as signals with enough transmission signal power are fed from mobile stations to 
a plurality of base stations, by transmission power control based on the transmission power control information from 
a plurality of base stations, In an unstable state for signal propagation at, for example, diversity handover. Moreover, 

30 efficient packet communication may be possible without loss of transmission packets, as selective synthesis of signals 
may be well performed in the control station of the base station. 

[0083] The present application is based upon claims from the prior Japanese Patent Application Hei 11-1 95562, filed 
on July 9, 1999. The entire contents are incorporated herein by reference. 

35 Industrial Applicability 

[0084] The present invention may be applied to a base station and a communication terminal in a digital radio com- 
munication system. 

40 

Claims 

1 . A communication terminal comprising: 

45 extraction means for extraction of transmission power control information from signals including transmission 

power control information transmitted from a plurality of base stations; 

first judgment means for generation of a control signal for reduction in the transmission power, only when all 
pieces of transmission power control Information from a plurality of base stations are control information for 
reduction in the transmission power; and 
so transmission power control means for control of transmission power according to said control signal. 

2. A communication terminal comprising: 

extraction means for extraction of transmission power control information from signals including transmission 
55 power control information for each transmission unit transmitted from a plurality of base stations; 

storage means for storage of the extracted transmission power control information: second judgment means 
for generation of a control signal for transmission power control according to transmission power control in- 
formation from base stations except the following base station, when there is said base station where a ratio 
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of control information for increase in the transmission power to the transmission power control information in 
the transmission units during the past predetermined times; and 

transmission power control means for control of transmission power according to said control signal. 

5 3. A communication terminal according to claim 2, wherein said second judgment means generates a control signal 
for reduction in the transmission power, only when all pieces of the transmission power control information from a 
plurality of base stations are control information for reduction in the transmission power, as a ratio of the control' 
information for increase in the transmission power to the transmission power control information in the transmission 
units during the past predetermined times does not exceed a predetermined value in a plurality of said base stations. 

10 

4. A communication terminal according to claim 2, wherein said second judgment means generates a control signal 
for each selective synthesis comprising transmission units in predetermined times. 

5. A method for transmission control, comprising: 

15 

an extraction step to extract transmission power control information from signals including transmission power 
control information transmitted from a plurality of base stations; 

a first judgment step to generate a control signal for reduction in the transmission power, only when all pieces 
of transmission power control information from a plurality of base stations are control information for reduction 
20 in the transmission power; and 

a transmission power control step to control transmission power according to said control signal. 

6. A method for transmission power control, comprising: 

25 an extraction step to extract transmission power control information from signals including transmission power 

control information transmitted from a plurality of base stations; 

a storage step to store the extracted transmission power control information; a second judgment step to gen- 
erate a control signal for transmission power control according to transmission power control information from 
base stations except the following base station, when, in a plurality of said base stations, there is said base 
30 station where a ratio of control information for increase in the transmission power to the transmission power 

. control information in the transmission units during the past predetermined times; and 

a transmission power control step to control transmission power according to said control signal. 

7. A method for transmission control according to claim 6, wherein said second judgment step generates a control 
35 signal for reduction in the transmission power, only when all pieces of the transmission power control information 

from a plurality of base stations are control information for reduction in the transmission power, as any ratio of the 
control information for increase in the transmission power to the transmission power control information in the 
transmission units during the past predetermined times does not exceed a predetermined value in a plurality of 
said base stations. 

40 

8. A the method for transmission control according to claim 6, wherein a control signal for each selective synthesis 
unit comprising transmission units in the predetermined times is generated at said second judgment step. 



45 



50 



55 



12 



EP1 113 593 A1 



FIG.1 




13 



EP 1 113 593 A1 














1 




RECE 
PART 


2 









14 



EP1 113 593 A1 



2 
O 

u) 
z 




15 



EP1 113 593 A1 



Q START ^ 



RECEPTION 



ST301 



ST302 



EXTRACTION OF POWER CONTROL 
INFORMATION 



ST303 




ST304 



GENERATION OF CONTROL 
INFORMATION EXCEPT ONE FOR 
POWER REDUCTION 



ST306 



TRANSMISSION POWER CONTROL 



ST307 



TRANSMISSION 



YES 



ST305 



GENERATION OF CONTROL 
INFORMATION FOR POWER 
REDUCTION 



( EN ° ) 



FIG.5 



16 



EP1 113 593 A1 




EP1 113 593 A1 



2 . 

O 

w 

00 < 



4 4 



On 

m 7 



O 

at 



CO 



.58 




z 




1A 


. z 




o 




O 


p 




P 




ODULA 
PART 




OOULA 


PART 






S 




UJ 




LU 










o 


; — ' 








' i 






JO 










CO 








a 




18 



EP 1 113593 A1 



c 



START 



RECEPTION 



ST601 



ST602 



EXTRACTION OF POWER CONTROL 
INFORMATION 



ST603 



REMOVAL OF A BASE STATION WITH 

THREE OR MORE PIECES OF 
INFORMATION FOR POWER INCREASE 
IN THE LAST-MINUTE FOUR 
TRANSMISSION UNITS 



ST604 




YES 



ST605 



GENERATION OF CONTROL 
INFORMATION EXCEPT ONE FOR 
POWER REDUCTION 



ST606 



GENERATION OF CONTROL 
INFORMATION FOR POWER 
REDUCTION 



ST607 



TRANSMISSION POWER CONTROL 



ST608 



TRANSMISSION 



C 



END 



F1G.8 



19 



EP 1 113 593 A1 



START 



1 


ST701 


RECEPTION 






ST702 

r s — ' 


EXTRACTION OF POWER CONTROL 
INFORMATION 






ST703 


REMOVAL OF BASE STATIONS 
WITH THREE PIECES OF 
INFORMATION FOR POWER 
INCREASE IN THE LAST-MINUTE 
SELECTIVE SYNTHESIS UNIT 





3 OWER CONTROL INFORMATlOh 
OF ALL OTHER BASE STATIONS 
FOR POWER REDUCTION? 



NO 



YES 



ST705 



GENERATION OF CONTROL 
INFORMATION EXCEPT ONE FOR 
POWER REDUCTION 



\ 


ST706 

f / / 




GENERATION OF 




CONTROL INFORMATION 




FOR POWER REDUCTION 



ST707 



TRANSMISSION POWER CONTROL 





r 


ST708 


TRANSMISSION 





( END ) 

FIG.9 



20 



